
COPY OF PAPERS 
ORIGINALLY FILED 

Fixing Device 

The present invention relates to a fixing device and a fixing system, in 
articular for attaching a positioning element, such as for example a marker, in a 
firmly defined positional relationship to an object, such as for example a bone. 

5 In surgery, for example a knee or hip operation, in particular when 

attaching an implant, it is necessary in modern surgical techniques to determine 
as accurately as possible the precise spatial position of a specified body 
structure, e.g. the position of the femur and tibia, in order to be able to carry out 
the most precise surgery possible using suitable navigational instruments. In this 

10 way, for example, an artificial knee joint can be positioned exactly on the femur 

and tibia using images made pre-operatively or intra-operatively and suitable 
calculations, such that the optimum location is guaranteed. In general, for 
determining the position of a bone structure, a screw is screwed into the bone, 
and a marker is attached to said screw. From the position of the marker recorded 

15 by a camera, conclusions can be drawn as to the position of the bone. If there are 

any slight shifts between the bone and the maker attached to it by means of the 
screw, e.g. due to a slight turning of the screw, then an incorrect position of the 
bone is concluded from the recorded position of the marker, which can have a 
considerable effect on the success of the operation. Deviations in the range of 

20 one to two degrees, for example, can lead to clearly noticeable incorrect 

positioning of an implanted knee joint, which can become noticeable through 
problems in the knee joint's ability to function and in a substantially shortened 
life-span, since the knee joint can no longer optimally take the strain due to the 
slightly incorrect positioning. 
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In particular in the case of screws typically used, the problem occurs that a 
screw inserted into a bone is unintentionally turned slightly, such that surgery is 
not performed precisely. 
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It is an object of the present invention to propose a fixing device and a 
fixing system which facilitate the precise and secure positioning of at least one 
marker on an object, such as for example a bone. 

This object is solved by a fixing device and a fixing system comprising the 
features of the independent claims. Advantageous embodiments are given by the 
sub-claims. 

Although the technical field of the invention was described in an example 
by way of surgery in the area of the knee, the invention can be applied in a broad 
range of surgery or of technical systems in general, for example in surgery in the 
area of the hip, the spinal column or the head. In general, the invention can be 
used anywhere where it is necessary to attach a specific element, such as for 
example a marker, to an object, for example to a bone or a bone structure, in a 
way which is as stable as possible and secure against turning or shifting. 

The fixing device in accordance with the invention comprises at least one 
guide for a securing element. By means of this guide, a securing element can be 
inserted into the bone before, during or after the insertion of the fixing device into, 
for example, a bone, in order to secure the inserted fixing device against 
undesired movement, such as for example a slight turning, by inserting the 
securing element further. 

The fixing element is advantageously constructed in a long and 
approximately cylinder form and preferably comprises a shaft, wherein a part of 
the shaft is preferably suitable for being inserted into a bone. At an end of the 
shaft which is not to be inserted into a bone, a head is preferably provided which 
can be suitably formed in order, for example, to position a tool for inserting the 
fixing device and/or for fixing at least one positioning element as securely as 
possible to it. 



The shaft advantageously comprises an operative section at an outer end 
and an intermediate section, which is arranged between the operative section and 
the head of the fixing device. The operative section is preferably formed in such a 
way that inserting the fixing device into an object, such as for example a bone, is 
enabled, wherein it should also be ensured by the operative section, after 
insertion, that e.g. the marker is fixed as stable as possible. 

The diameter of the intermediate section is advantageously larger than the 
diameter of the operative section, although both sections may also be formed with 
approximately the same diameter, or the operative section also exhibit a smaller 
diameter than the intermediate section. The transition between the operative 
section and the intermediate section is advantageously formed conically, in order 
to avoid a sharp transition between the operative section and the intermediate 
section. If, for example, the operative section has a smaller diameter than the 
intermediate section, the fixing device can for example be inserted into an object 
up until further insertion of the fixing device is prevented or made difficult by the 
larger diameter of the intermediate section. 

The guide in accordance with the invention is advantageously formed as a 
bore and/or as a recess. Preferably, the guide can also consist, as a combination, 
of a bore or a through-hole of a head or shaft section, wherein other shaft 
sections can include a recess or a further bore or even no guide. The guide is 
advantageously formed such that it runs approximately in the longitudinal 
direction of the fixing device, preferably parallel to it, and advantageously with a 
small side offsetting of e.g. 0.1 to 10 mm to the middle axis of the operative 
section. It is generally advantageous if the fixing device comprises at least one 
bore through which a securing element can be inserted and held in place, wherein 
a semi-circular or circular recess is advantageously provided in the operative 
section, in order to guide the securing element along the operative section, if for 
example the bore is arranged in the intermediate section of the shaft and the 
distance between the middle axis of the bore and the middle axis of the operative 
section is smaller than the diameter of the operative section. In accordance with 



the invention, the guide for the securing element can be formed in such as way 
that the outer circumference of the guide and/or of an inserted securing element 
overlaps with the outer circumference of the operative section, such that the 
securing element is preferably guided along the operative section and inserted 
near or adjacent to the operative section. Alternatively, the guide can also be 
formed in such a way that a securing element to be inserted and the shaft or 
operative section of the fixing device do not lie directly adjacent to each other, but 
exhibit a distance from each other, for example in the range 0.1 to 10 mm, 
wherein the securing element is guided, for example, through a bore of the head 
or of a shaft section. 

Advantageously, more than one guide, for example 2, 3, 4 or up to 10 or 
more guides, can be provided on the fixing device in order to be able to insert a 
number of securing elements. In this case, the guides can be formed parallel to 
one another and to a middle axis of the operative section. It is also possible to 
arrange the guides in such a way that the securing elements can be inserted into 
the fixing device at a specified angle to each other, and as appropriate also to a 
middle axis of the operative section, in order for example to fix or secure the fixing 
device more firmly. 

In accordance with a preferred embodiment, the fixing device in 
accordance with the invention is formed as a screw and comprises a thread in the 
operative section, wherein a guide hole can be provided in the operative section 
going right through the thread. As an alternative to or in addition to a guide hole 
for a securing element, a side recess can be provided in the operative section, 
such that the screwing process is interrupted in one or more places in order to be 
able to insert one or more securing elements along the operative section. 

The operative section can also be formed as a nail, wherein similarly at 
least one guide can be provided in the operative section. In this case, the external 
area of the operative section can be essentially even, wherein for example one or 
more edges can be provided along the length of the direction of insertion, in order 



to facilitate inserting the fixing device and to impede or prevent subsequent 
undesired turning. 

A tapered section id advantageously formed at the outer end of the 
insertion area, for example in the form of a small cone or a pyramid with one or 
more side edges, in order to facilitate placing and inserting the fixing device. 

A connection element, for example a jutting part or an indented part, for 
example a plug-in opening, is preferably provided in the area of or on the head of 
the fixing device, in order for example to be able to position a tool for inserting the 
fixing device and/or to be able to connect a positioning element or other desired 
objects to the fixing device as secure against twisting as possible. To this end, a 
jutting part and/or a plug-in opening is preferably formed not rotationally 
symmetric, and can comprise one or more edges, such that for example an Allen 
key can be inserted into the head of the fixing device in order to screw it into a 
bone, and then a positioning element rotationally secure with respect to the fixing 
device, such as for example a reference star, can be fixed onto it, once a securing 
element has been inserted. A number of indented parts can also advantageously 
be provided on the head in order to be able to attach a positioning element to be 
attached, rotationally secure, onto the fixing device in a number of different angle 
positions. 

In accordance with a further aspect of the invention, a fixing system is 
proposed which consists of the fixing device described above, wherein at least 
one securing element is inserted into the at least one guide of the fixing device. 
The securing element can be formed for example as a screw and advantageously 
exhibits a long cylindrical shape, wherein the outer diameter of the securing 
element is preferably formed in such a way that the securing element can be 
guided through the guide of the fixing element with only little or no play. The 
securing element can also comprise a head and a shaft, just like the fixing device 
described above, which for example is in turn subdivided into an operative section 
and an intermediate section. With respect to possible arrangements of the shaft 



and/or head, reference is made to the features described above for the fixing 
device, which can also be formed in the securing element. 

The diameter of the securing element is preferably smaller than the 
diameter of the fixing device, in particular smaller than the diameter of its 
operative section. 

In accordance with a further aspect of the invention, a positioning system is 
proposed which consists of the fixing system as described above and which 
further comprises a positioning element fixed thereto, such as for example at 
least one marker or a reference star with three markers and/or holding devices for 
the corresponding markers. 

The positioning system is advantageously formed in such a way that the 
positioning element attached to the fixing system can be adjusted, for example 
rotated about at least one axis, such that the best possible alignment of the 
positioning element can be set. In so doing, the positioning element can 
preferably be arrested in the set position, so that any unintentional tilting or 
pivoting of the positioning element relative to the fixing system can be 
substantially prevented. 

The invention will now be described by way of a preferred example 
embodiment. The figures show: 

Figures 1a to 1i an embodiment in accordance with the invention of a 
fixing element comprising a guide; 

Figures 2a to 2d an embodiment of a securing element which can be 
inserted into the fixing device in Figure 1 ; 

Figures 3a to 3c a positioning system in accordance with the invention; 

and 

Figure 4 an alternative embodiment of a fixing device in accordance 
with the invention. 



Figure 1a shows, in a horizontal projection, a fixing device 1 composed of a 
shaft 2 and a head 3. The shaft 2 comprises an operative section 2a formed as a 
screw and an intermediate section 2d having a larger outer diameter than the 
operative section 2a. The transition sections between the operative section 2a, 
the intermediate section 2b and the head 3 are conically formed as cone sections, 
such that the respective sections carry on from one other without sharp edges. A 
tip 4 is formed at the lower end of the operative section 2a which has a number of 
side edges, as can be seen in Figure 1e. The tip 4 makes it easier to position and 
insert the fixing device 1 . 

Figure 1b shows a cross-section of the fixing device shown in Figure 1 
along the line A-A. The bore 5a, which serves as the guide for a securing 
element, can be seen in the intermediate section 2b and the head 3, wherein the 
guide - as indicated by the dot-dash line - is formed as a groove or recess 5b 
outside the through-hole 5a in the areas of the operative section 2a, such that a 
securing element can be guided through the head 3 and the intermediate section 
2b along the operative section 2a, and thus for example can also, after the fixing 
device has been inserted into, for example, a bone, likewise be inserted into the 
bone approximately parallel to the direction of penetration of the fixing device 
through the guide 5a, 5b, in order to make the fixing device rotationally secure. 

The head 3 comprises a recess 3a, as can also be seen in the perspective 
view in Figure 1f and the horizontal projection in Figure 1g, which in cross-section 
forms an approximately uniform hexagon, in order for example to be able to 
position an Allen key or an attachable element. The recess 3a is formed 
semicircular on one side in order to enable the insertion of a securing element 
into the guide hole 5a, as shown in Figure 3a. 

Figure 1c shows the fixing device 1 shown in Figure 1a, rotated through 
180°. The groove or guide recess 5b running along the operative section 2a can 
be seen, which interrupts the thread of the screw such that a securing element 
can be guided parallel to the screw. 
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In accordance with a preferred embodiment of the fixing device, example 
dimensions for the fixing device in accordance with the invention may be as 
follows: Length d1 of the operative section 2a = 40 mm; total length d2 of the 
fixing device 1 = 90 mm; length d3 of the head 3 = 12 mm; depth d4 of the recess 
3a in the head 3 = 8 mm; and diameter d5 of the head 3 = 10 mm. An edge of the 
tip 4 is formed, for example, inclined at 15° to the longitudinal axis of the fixing 
device. The transition area between the operative section 2a and the intermediate 
section 2b comprises a small distance area of length d6 = 1 mm, to which a small 
cone-shaped connecting piece is connected with an angle of the shell surface of 
the cone stump of 60* with respect to the longitudinal axis. Figure 1d shows 
section X, identified in Figure 1b, of the operative section 2a provided with a 
thread. In the embodiment shown, the lead d7 of the thread = 1.6 mm, wherein 
the thread projects out by d8 = 0.7 mm. The distance d9 from a turn of the thread 
to an internal section of the screw in the cut plane is 3.6 mm. 

Figure 1g shows a horizontal projection of the fixing device 1, wherein a 
number of recesses 3b running around the head can be seen. In the embodiment 
shown, two small recesses or grooves 3b are arranged within a distance d10 = 1 
mm, running around the upper part of the head 3. These circumferential recesses 
3b enable a reference star, for example, to be attached rotationally secure in a 
number of turning positions, wherein the reference star can be attached and/or 
arrested rotationally secure on the fixing device, in various angle positions relative 
to head 3 through the recesses 3b. 

Figure 1h shows a cross-section view along the line B-B of the fixing 
device shown in Figure 1a. As can also be seen in Figure 1g, the external 
circumference of the recess 3a is formed in such a way that on the one side a 
securing element can be inserted through the through-hole 5a serving as a guide, 
and then once the securing element has been inserted through the recess 3a 
which comprises several edges, an attachment can be attached rotationally 
securely to the fixing device 1 . 



Figure 1 i shows a cross-section along the line C-C of the operative section 
2a shown in Figure 1. 

The actual dimensions specified above for the embodiment, shown in 
Figure 1 , of a fixing device 1 in accordance with the invention are only to be 
regarded as examples for describing the invention and are intended to make it 
clear that the fixing device in accordance with the invention enables, for example, 
a re f erence star to be securely positioned to a bone by means of extremely slight 
surgery. 

Figures 2a to 2d show an example embodiment of a securing element 6 
which can be used together with the fixing device 1 in accordance with the 
invention illustrated in Figure 1 . The securing element 6 comprises a shaft 7 and 
a head 8. The shaft 7 is subdivided into an operative section 7a provided with a 
screw thread, to which a tip 9 is provided at the lower end and which lies adjacent 
to the intermediate section 7b at the end opposite the tip 9, said intermediate 
section lying between the operative section 7a and the head 8. The head 8 further 
comprises a recess 8a which is formed in the shape of a hexagon, as shown in 
the horizontal projection in Figure 2d, in order for example to position an Allan key 
on the head 8 of the securing element 6, to screw the securing element 6 in 
through the guide 5 of the fixing device 1 screwed into for example a bone, and in 
this way to prevent the fixing device 1 from turning, as illustrated for example in 
the cross-sectional view in Figure 3a. In the embodiment shown, the fixing device 
1 is generally made rotationally secure by the fact that, once the securing element 
6 has been inserted into the fixing device 1 , the operative sections 2a and 7a 
lying adjacent to each other no longer represent a rotationally symmetrical form, 
such that the fixing device 1 is prevented from turning by the securing element 6. 
Possible turning by the securing element 6 does not, however, effect the position 
of the fixing device 1 . 

Example dimensions of the securing element 6 shown in Figure 2 are: 
Length d1 1 of the operative section 7a = 40 mm; length d12 of the shaft 7 = 80 
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mm; length d13 of the head 8 = 4 mm; and length d14 of the head 8 in which no 
recess 8a is provided = 1.5 mm. 

The measurements given are only to be regarded as example 
embodiments and are intended to make it clear that, using the device in 
accordance with the invention, only relatively minor surgery is necessary. It is 
possible for the fixing device 1 and the securing element 6 to exhibit 
approximately the same length, and to exhibit approximately similar dimensions 
with respect to the operative sections 2a, 7a and the intermediate sections 2b and 
7b. A longer or shorter securing element, with a longer or shorter operative 
section 7a and/or intermediate section 7b, can however also be used. In general, 
it is advantageous if the securing element is formed in such a way that the total 
length including the head 8 is smaller than the total length of the fixing device 1 , 
such that if the securing element 6 no longer projects out of the head 3, or is in 
particular completely inserted into the fixing device 1, i.e. the tips 4 and 9 lie 
approximately next to each other, the head 8 of the securing element 6 can be 
countersunk in the lower part of the head 3 of the fixing device 1 , such that the 
complete recess 3a of the head 3 can be used for inserting, for example, a 
reference star, without the head 8 of the inserted securing element 6 projecting 
into the recess 3a. 

Figure 2c shows an enlargement of the operative section 7a designated X 
in Figure 2b. The lead d1 5 of the thread is 0.75 mm in the embodiment shown; 
the thread projects out of the outer surface of the operative section 7a by d16 = 
0.4 mm, and the outer diameter of the thread is d17 = 2.3 mm. 

Figures 3a to 3d show a positioning system in accordance with the 
invention, wherein the securing element 6 shown in Figure 2 is inserted into the 
fixing device shown in Figure 1 . 

Figure 3c shows a horizontal projection of a positioning system, wherein a 
reference star 1 1 serving as a positioning element is positioned on the fixing 
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system 1 , 6; markers can be attached to the holding devices 1 1a, 1 1b and 1 1c of 
the reference star, respectively. The reference star 1 1 is fixed to the fixing system 
1 ,6 by means of an adjustable aligning device 10. 

Figure 3b shows the positioning system illustrated in Figure 3c in a 
perspective view. The aligning device 10 comprises a screw 10a which can be 
used for fixing to the fixing system 1 , 6 and/or for turning the reference star 1 1 
fixed to it about the longitudinal axis of the fixing device 1 . Via a further screw 
10b, the reference star 1 1 can be turned around an axis which is approximately 
perpendicular to the middle axis of the fixing device 1 . By using the aligning 
device 10, the reference star 1 1 can be attached to a fixing system 1 , 6 inserted 
for example into a bone, and can be positioned for good detection of the markers 
(not shown) attached to the reference star 1 1 . 

Figure 3a shows a cross-section along the line A-A of the positioning 
system shown in Figure 3c. Here, it can be seen that when the securing element 
6 is inserted in the fixing device 1 , the operative sections 2a, 7a and the 
intermediate sections 2b, 7b are approximately adjacent to each other. The 
aligning device 10 is inserted into the recess 3a of the fixing device and fixed to it. 
Through projections and/or recesses on the underside of the aligning device 10, 
which engage with the projections or recesses 3b on the top side of the fixing 
device 1 , the aligning device 10 with the reference star 1 1 fixed to it and the fixing 
system 1 , 6 can be made rotationally secure. 

The present invention thus enables a rotationally secured fixing device to 
be relatively simply inserted into, for example, a bone, by using for example only 
two parts: the fixing device and at least one securing element. This reduces the 
manufacturing costs of such a fixing system. Furthermore, cleaning such a fixing 
system is relatively simple, due to the use of, for example,, only two parts. 

Figure 4 shows a fixing system in accordance with an alternative aspect of 
the present invention. 



To fix a positioning element, such as for example the reference star 1 1 
shown in Figure 3, to an element, such as for example a bone, Kirschner wires or 
Schanz screws 20a, 20b, known in their own right, can also be used and inserted 
into a bone in the known way. The distance D between them can for example be 
0.1 to 100 mm, preferably 0.1 to 10 mm. A fixing device is guided or attached 
along the Kirschner wires or Schanz screws 20a, 20b which comprises 
through-bores 23a, 23b for the wires or screws 20a, 20b. The fixing device 21 can 
be fixed rotationally securely to the wires or screws 20a,20b by means of one or 
more arresting elements 22, which can for example be shifted in order to produce 
a frictional connection with one or more Kirschner wires or Schanz screws. If the 
fixing device 21 is positioned by activating an arresting element 22, then 
protruding wires or screws can be cut off and a positioning element can be 
arranged on the fixing device 21, inserted into a recess 21a and fixed by means 
of, for example, suitable screws. 

The fixing device 21 can be arranged fixed in place and rotationally secure 
on an element, such as for example a bone, via two elements inserted into a 
bone at the distance D from each other, such as for example Kirschner wires or 
Schanz screws. 



